CONTROL CIRCUIT OF/MOSFET FOR SYNCHRONOUS RECTIFICATION 



BACKGROUND OF INVENTION 

[0001] The present invention relates to a, control circuit 

of a MOSFET used for rectifying or circulating an output current 
of a switching power supply or the like. 

[0002] Figure 16 depicts a conventional synchronous 

rectifying, circuit in which a diode rectifying circuit is connected 
to a secondary side of a forward converter. Fig. 17' is a timing 
chart illustrating an operation of the circuit shown in Fig. 16. 
In Fig. 16, reference numeral 101 denotes a DC power supply/ 102 
denotes a MOSFET (n-channel depletion MOSFET), 103 denotes a 
transformer, 104, 108 and 109 denote diodes, 105 denotes a control 
circuit of the MOSFET 102, 106 denotes a smoothing reactor, 107 
denotes a smoothing capacitor, and Ni* N 2 and N 3 denote a primary 
winding, a secondary winding and a tertiary winding, respectively, 
(number of turns thereof are also taken as Nj.-, N 2 andN 3 , respectively) 
of the transformer' 103 . A load, not shown, is conned across the 
smoothing capacitor 107. 

[0003] • In Fig. 16 and Fig. 17, the MOSFET 102 is subjected 
to on-off control, by the control circuit 105 so that an output 
voltage becomes constant. 'When the MOSFET 102 is turned ON in 
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a period (1) in Fig. 17, a DC power supply voltage V in is applied 
to the primary winding. Ni of the transformer 103 . In the secondary 
winding N 2 of the transformer 103, a voltage of (N 2 / Ni) times a 
primary winding voltage Vpi is generated, which, while storing energy 
in the smoothing reactor 106 through the diode 108, releases the 
energy to a load side. An exciting current I mi flows in exciting 
inductance (not shown) of the transformer 103." 
[0004] When the MOSFET 102 is turned OFF in a period (2) in 

Fig. 17, the exciting energy , being stored in the exciting inductance 
of the transformer 103, is released from the tertiary winding N 3 
of the transformer 103 to the DC power supply 101 through the diode 
10 4 . In the secondary winding N 2 of the transformer 103, a voltage 
of - (N 2 / Ni) times to a primary winding voltage is generated, and 
the reverse voltage is applied to the diode 108, which transfers 
a current I P i, having flowed in the diode 108, into the diode 109. 
At this time, the energy stored in the smoothing reactor 106 is 
released to the load side through the diode 109. 
[0005] In a period (3) in Fig. 17, when the exciting current 

I m i becomes zero, a reverse voltage. V in is applied to the diode 
104 to cut it off, which causes the primary winding voltage V P i 
of the transformer 103 to become zero. In the period (3), the 
energy stored in the smoothing reactor 106 is continuously released 
to the load side through the diode 109. 
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[0006]. Subsequent to this, -in the period (1) , the MOSFET 102 

is turned ON again and a voltage of (Ni/Ni) times a primary winding 
voltage V P1 is generated in the secondary winding N 2 of the transformer 
103, applying a reverse voltage to the diode 109, which 1 transfers 
a current I D2 , having flowed in the diode 109, into the diode 108. 
[0.007] Thereafter, theperiod (1) totheperiod (3) are repeated, 

by which a waveform of a current I L flowing in the smoothing reactor 
106 becomes a synthesized, waveform of I m and I D2 . 
[0008] Fig. 18 is a secondconventional synchronous rectifying 

circuit in which MOSFETs (n-channel : depletion MOSFETs) are used 
in the forward converter in Fig. 16 instead of the diodes 108 and 
109. Figure 19 is a timing chart illustrating an' operation of 
the circuit shown in Fig. 18. 

[0009] In Fig. 18, reference numerals 110. and 111 denote 

MOSFETs, 113 and 114 denote resistors each being connected between 
a gate of each MOSFET and each end of a secondary winding N 2 of 
the transformer 103 . In Fig . 18 , components having the same functions 
as those in Fig. 16 are denoted by the same reference numerals 
and signs with explanation thereof being omitted. 
[0010] When an output voltage of a synchronous rectifying 

circuit using diodes as that in Fig. 16 is a voltage as low as 
being on the order from 3.3V to 5V, a forward voltage drop of 
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the diode (on the order of 0.5 to IV) causes a proportion of a 
conduction loss to become very large. 

[0011] In a MOSFET with a negative drain current, the drain 

current flows in a body diode of the MOSFET when no voltage is 
applied between the gate and the source. This causes a voltage 
drop on the order of 0 . 5V. The voltage drop, however, can be reduced, 
by applying a positive voltage between the gate and the 1 source 
which makes resistivity equivalent to that. of the on-resi stance 
to be exhibited. .The prior art in Fig. 18 is presented by noting 
this point . . ■ , ■ 

[0012] The differences between the circuits of Figs. 18 and 

16 are shown in' Fig. 19. In the period. (1) , a voltage V Q3 , applied 
between a drain and a source of the MOSFET 111, is applied to the 
MOSFET 110 as a gate signal for generating a negative drain current 
I Q 2 to reduce the conduction loss of the MOSFET 110. In the period 
(2) , a voltage V Q2 , applied between a drain and a source of the 
MOSFET 110, is applied to the MOSFET 111 as a gate- signal for 
flowing a negative drain current Iq 3 to reduce the conduction loss 
of the MOSFET 111 . Hatched portions in I Q2 and I Q3 in Fig. 19 represent 
periods in which the conduction losses are reduced. ' 
[0013] With the prior art as shown in Fig. 18, during the 

period (3) shown in Fig. 19, a period appears during which no gate 
voltage is applied to the MOSFET 111 to reduce conduction loss. 



As a result, device efficiency is decreased and the cooling capacity 
against heat generation must be increased by enlarging a cooling 
device. Consequently, the entire device cannot readily be made 
compact and lightweight. 

SUMMARY OF THE INVENTION 

[0014] Accordingly, it is a subject of the present invention 

to provide a control circuit of a MOSFET for synchronous rectification 
in which a gate voltage is applied to the MOSFET in almost all 
of a. period in which a current flows in a MOSFET, thereby reducing 
conduction loss and increasing device efficiency in a device that 
can be compact and light in weight. 

[0015] In a preferred embodiment, a cathode of a first diode 

is connected to a drain of a MOSFET for synchronous rectification, 
a first current ■ supplying unit is connected to an anode of the 
first diode, and a resistor is connected between the anode of 
the first diode and a source of the MOSFET to measure a voltage 
across the resistor. The voltage across the resistor varies 
depending on a voltage drop when a current flows in the MOSFET 
for synchronous rectification . Therefore, the value of the voltage 
across the resistor is compared to a first reference voltage by 
a voltage comparing unit and the output is amplified. A gate voltage 



is applied between a gate and a source of the MOSFET for synchronous 
rectification by a gate driving unit. 

[0016] Thus , by setting the current level taken as the reference 

to be small, it becomes possible to apply a gate voltage in almost 
all of a period in which a current flows in the MOSFET for synchronous 
rectification, which makes it possible to reduce a conduction loss 
more than in. the prior art- shown in Fig. 18'. 

[0017]- In a further embodiment., as the above-described first 

reference voltage, a forward voltage drop in a second diode to 
whi ch' a current is supplied from a second current supplying unit 
is used. This makes it possible to compensate temperature to forward 
voltage characteristics of. the -first diode to enhance. a current 
detection accuracy. 

[0018] Moreover, by making the first diode and the second 

diode have forward temperature characteristics the current' of the 
forward direction to temperature-voltage characteristics 
approximately identical with each other, the current, detection 
accuracy can be further enhanced. 

[0019] Still further, when a difference between the voltage 

across the above-described resistor and the first reference voltage 
becomes equal to .or less than a certain value, a gate voltage for 
the MOSFET is made so as not to be generated . Namely, when a negative 
current flowing in the MOSFET for synchronous rectification is 



reduced and the voltage across the above described resistor exceeds 
the first reference voltage, the gate of the MOSFET for synchronous 
rectification is to be made OFF. At this time, a current is to 
bemade flow in a body diode of the MOSFET for synchronous rectification 
to increase the forward voltage drop, which is judged by the first 
voltage comparing unit as an increase in the current and the gate 
of the MOSFET. for synchronous' rectification is brought to be made 
ON again. As a result, the ON and OFF are repeated to increase 
a driving loss of the MOSFET. Therefore-, the gate of the MOSFET, 
once being made OFF, is made so as not to be driven until the MOSFET 
for synchronous rectification is brought into an OFF state. This 
can suppress the increase in the. driving loss 

[0020] Still further, a saturable reactor may be connected 

between the drain of the MOSFET and the cathode of the first diode. 
This. reduces a reverse recovery loss when a current ■ flowing in 
.the body diode of the MOSFET for synchronous rectification is brought 
into reverse recovery. Along with this, should a zero-crossing 
of the negative current flowing in the drain of the MOSFET for 
synchronous rectification occurs before a gate voltage for the 
MOSFET is brought to a level in which the MOSFET is OFF due to 
a delay of the control circuit of the MOSFET for synchronous 
rectification to cause a large current to flow in the positive 
direction in the drain before the MOSFET is turned off, a rate 
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of increase in .the current is limited low after the zero-crossing 
of the current' to make it possible to reduce, a turn-off loss. 
[0021] In addition, the above-described. control circuit is 

made up into an IC chip to be mounted on a chip of the MOSFET, 
which reduces the number of required components and decreases 
component mounting area to' allow for a compact device. 
[0022] Still further, a magnetic material having a saturable 

characteristic is preferably arranged around the chip of the MOSFET 
for' synchronous, rectification. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0023] The invention will be described' with reference to 

certain preferred embodiment thereof , wherein: 

Fig. 1 is a circuit diagram showing a synchronous rectifying 
circuit to which each of the mode's for carrying out the invention 
is' applied; • 

Fig. 2 is a circuit diagram showing a first rrtode for carrying 
out the invention; 

Fig. 3 is a timing chart for illustrating an operation of 
the circuit in Fig. 2; ■ ■ 

Fig. 4 is a circuit diagram showing a. second mode for carrying 
out the invention; 



Fig. 5 is a diagram showing forward temperature 
characteristics of a diode; • .' \ .. 

Fig. 6 is a timing chart for illustrating an operation of 
the circuit in Fig. 4; 

Fig. 7 is a circuit diagram showing a modified example of 
the second mode for carrying out the invention; 

Fig . 8'is a circuit diagram showing a third mode for carrying 
out the invention; . t ' 

Fig. 9 is a timing chart for illustrating an operation of 
the circuit in Fig. 8; 

■Fig. 10 is a timing chart for illustrating an operation of 
the circuit in' Fig. 8; ... 

Fig. 11 is a circuit diagram showing a fourth mode for carrying 
out- the invention; • . - 

Fig. 12 is a a timing chart for illustrating an operation, 
of- the circuit in Fig. 11; ' 

Fig. 13 is a timing chart for illustrating an operation of 
the circuit in Fig. 11; 

Fig. 14 is a structural view showing a fifth mode for carrying 
out the invention; 

Fig. 15 is a structural view showing a sixth mode for carrying 
out the invention; . • 

Fig. 16 is a circuit diagram showing a first prior art. 
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Fig. 17 is a. timing chart for illustrating an operation of 
the circuit in Fig'. 16; , 

Fig. 18 is a circuit diagram showing a second prior art; 

Fig. 19 is a timing chart for illustrating an operation of 
the circuit in Fig. 18.. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0024] ' In. the following description, modes for carrying out 
the invention will be explained with reference to the drawings. 

Fig,. 1 is a circuit diagram showing a synchronous rectifying circuit 
to which each of the modes f or carrying out the invention is applied. 
Between the electrodes (gate, source, drain) of each of two MOSFETs 
for synchronous rectification 110 and 111, a control circuit. 112' 
according to the invention.'is connected. Incidentally, components 
having the same functions as those in the prior art in Fig. 18 
are denoted with the same, reference numerals and signs with 
explanations thereof being omitted. 

[0025] Figure 2 is a circuit diagram of a control circuit 

112a according to the first mode for carrying out the invention. 
In Fig. 2, a first diode 1 is a blocking diode preventing a high 
electric potential from being applied to a. signal system inside 
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the control circuit 112a when the MOSFET 110 (111) is in an OFF 
state. An anode of the diode 1 is connected to a first current 
supplying unit 2, and a cathode thereof is connected to a drain 
of the MOSFET 110 (111).' 

[0026] The current supplying unit 2 is a current source for 

supplying a current to the diode 1 and a resistor 3, a series circuit 
including a power supply and a resistor, or "the like. 
[0027] The voltage across the resistor 3 varies depending 

on a voltage drop when a current flows in the MOSFET for synchronous' 
rectification. A first voltage comparing unit 5 compares a voltage 
Vi across the resistor 3 connected to the current supplying unit 
2 and a first reference voltage V refl by a first reference current 
source 4 to produce a gate signal of the MOSFET 110 (111) . A gate 
driving unit, 6 amplifies the gate signal produced by the voltage 
comparing unit 5 and applies this signal. to a gate of the MOSFET 
110 (111) to drive the MOSFET. A timing for driving the gate' of 
theMOSFET for synchronous rectification is obtained wit ha certain 
current level taken as a reference. By setting the current level 
taken as the reference to be small, a gate voltage can be applied 
during almost all of a period in which a current flows in the 
MOSFET for synchronous rectification, thus making it possible to 
reduce conduction loss below that of the prior art shown in Fig. 
18. 
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[0028] . In Fig;. 2, reference sign V comp i denotes an output voltage 

of the voltage comparing unit 5, V GS denotes a gate-source voltage 
of the MOSFET 110 (111) , V DS denotes a drain-source voltage of the 
MOSFET 110 (ill), Vfi denotes a voltage across the diode 1 and If 
denotes a forward current (a negative drain current l u ) . 
[0029] An operation of the circuit in Fig. 2 will be explained 

with reference to a timing chart in Fig. 3. Here, the operation 
will be explained by dividing the operation into a period s ( 1 ) through 
(7) . The operation is carried out until a current having flowed 
in the MOSFET 110 in Fig. 1 is transferred to the MOSFET 111 by 
the turning off of MOSFET 102 via a current flowing in the MOSFET 
110. Then the current that flowed in the MOSFET 111 is transferred 
to the turning ON of MOSFET 110 again. Fig. 3 shows all of waveforms 
of voltages and currents at sections on the side of the MOSFET 
111/ 

[0030] During Period 1 the MOSFET 110 is in an ON state. The 

MOSFET 111 is in an OFF state with the. diode 1 OFF with a reverse 
voltage applied thereto . The volt age Vi across the resistor 3 becomes 
a voltage of an unshown power supply for the current supplying 
unit 2 . At this time, the output vol t age V C9mp i of the volt age comparing 
unit 5 of the MOSFET 111 side is in the Low level and the gate-source 
voltage V GS of the MOSFET 111 is in the Low level. 
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[0031] - During Period 2, when the MOSFET 102 is turned OFF, 
the MOSFET 110 is turned OFF. to raise the drain-source voltage 
V DS and the drain-source voltage V DS of the MOSFET 111 is lowered' 
down to zero .' , - 

[0032] During Period 3, when the drain-source voltage V DS of 

the MOSFET 111 becomes zero, a body diode of the MOSFET 111 is 
brought into conduction to start the forward current ,I F . The diode 
1 is brought into conduction to cause the voltage Vi across. the 
resistor 3 to begin to decrease. 

[0034]. During Period 4 , when the voltage Vi across the resistor 

3 becomes below the reference voltage V re fi, the output V compl of 
the voltage comparing unit 5 is brought to the High level and the 
gate-source voltage V GS of the MOSFET 111 is also brought to the 
High level . This makes the MOSFET 111 exhibit resistivity to reduce 
a conduction loss . An on- volt age V on of the MOSFET becomes a voltage 
value determined by a product. of the forward current .I F and an 
on-resistance R on . *■ ' 

[0035] During Period 5 when the MOSFET 102 turned ON again 

the current that was flowing in the MOSFET 111 starts to decrease 
with a current reduction rate (-di/dt = V s i/ L s ) determined by a 
generated voltage V sl and an unshown inductance . L s of wiring of 
the transformer 103. At this time, a voltage is generated in a 
parasitic inductance between the drain and the source of the MOSFET 
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Ill to change the drain-source voltage V D s from negative to positive, 
by which a reverse voltage is applied to the diode 1 to turn it 
OFF. Therefore, the voltage. Vi across the resistor 3 starts to 
rise . _ •• 

[0036] During Period 6, when the voltage Vi across the resistor 

3 becomes above the reference voltage V re fi, the output voltage 
Vcompi of the voltage comparing unit 5 is. brought to the Low level 
and the gate-source voltage V GS of the MOSFET 111 is also brought 
to the Low level. This makes the MOSFET 111 change to. exhibit 
characteristics of a body diode. 

[0037] During Period 7 . the' MOSFET' 111 enters a blocked state 

with the body diode brought into reverse recovery, by which the 
drain-source voltage V DS rises up to the generated voltage V S i' of 
the transformer 103. 

[0038] . Thereafter, the operations in the period (1) to the 

period (7) are repeated. This allows a gate voltage to be applied 
to the MOSFET 111. over the periods (4) and (5) which occupy most 
of periods in which the current I F flows in the MOSFET 111 to make 
it possible to reduce a conduction loss. 

[0039] In Fig. 4, there is shown a second mode for carrying 

out the invention. Components having the same functions as those 
in the first. mode in Fig. 2 are denoted with the same reference 
numerals; the explanations thereof being omitted. 



In a control circuit 112b shown in Fig. 4, a second diode 8 is 
substituted for the reference current source 4 in Fig. 2 . . A 
forward voltage drop in the diode 8 when a current is made to flow 
'from a second current supplying unit 7 is used as a first reference i 
voltage V ref i. This, configuration makes it possible to compensate 
for the temperature to forward voltage characteristics of the first 
.diode and enhance current detection accuracy. 

[0040] Forward current to voltage characteristics of. a diode 

vary depending on a junction temperature Tj as shown in Fig. 5. 
In general, as the junction temperature Tj becomes higher, a forward 
voltage to the .same forward current (I F i) becomes smaller (V Fh < 

Vfc) • :•• 

[0041] .. Therefore, as shown in Fig. 2, in the case where. the 
reference voltage V re fi of the voltage comparing unit 5 is made 
constant, changes in temperature change the forward voltage of 
the diode 1, and the voltage Vi across the resistor 3 which is 
compared with the reference voltage ,V refl also changes with the 
change in temperature. 

[0042] Fig. 6 shows a timing chart illustrating an operation 

when a .temperature is changed. The timing chart in Fig. 6 shows 
states when a current in the smoothing reactor 106 in Fig. 1 is 
intermittent under such a condition as a light load. In Fig. 6, 
an ideal operation when a temperature is low is shown in solid 
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lines, while an operation when the temperature is high is shown 
in broken lines. 

[0043] In this mode, a gate voltage is to be given in a period 

in which a negative drain current flows in the MOSFET . This reduces 
the voltage V x across the resistor 3, as shown in the broken line, * 
when a temperature becomes high, to lower the forward voltage' of 
the diode, L Therefore, even though a feedthrough current, which 
is a drain current making a zero-crossing .in a positive direction 
(a portion shown in a broken line in I F in Fig. 6) , is generated, 
a gate voltage is continuously given to the MOSFET until Vg. rises 
above the reference voltage V ref i . Then, with the gate of the MOSFET 
turned OFF, 1 the MOSFET is to turn OFF the feedthrough current, 
which produces a turn-off loss and lowers efficiency. Inaddition, 
a large surge voltage is generated which, causes problems such 
as an increase in noise. 

[0044] For preventing such problems, a circuit arrangement 

as in Fig. 4 is provided, by which the voltage V x is lowered with 
an increase in temperature , and the reference voltage V ref i of 
the diode 8 is also lowered. Thus, a mutual large or small relation 
between the voltage Vi and the reference voltage V re fi becomes almost 
unchanged. As a result, generation of the feedthrough current 
can be suppressed. By making the first diode and the second diode 
have f orward temperature characteristics approximately identical 
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with each other, the current detection accuracy can be further 
enhanced and the feedthrough current almost completely suppressed. 
[0045] A modified example of the above-described second mode 

is shown in Fig. 7. In* a control circuit 112c according to the 
modified "example, an arrangement is provided so that a forward 
voltage drop, at the diode 8 is applied to an input . terminal of 
the voltage comparing unit 5 through a voltage buffer 9 once . ' Since 
the operation thereof is similar to that of the" circuit in Fig. 
4 an explanation thereof .will be omitted. 

[0046] In Fig.. 8, there is shown a third mode for carrying 

out the invention. Components having the same functions as those 
in the first mode in Fig. 2 are denoted with the same reference 
numerals and signs with explanations thereof are omitted. 
In Fig. 8, the arrangement of the control circuit 112a is the same 
as that in Fig. 2. In the mode in Fig. 8, however, a saturable 
reactor 10 is connected between the drain of the MOSFET 110 (111) 
and the cathode of the diode 1 in the circuit in Fig . 2 . The saturable 
reactor 10 can be similarly connected in the circuits in Fig. 4 
and Fig . 7 . 

[0047] Figures 9 and 10 are timing charts each illustrating 

an effect when the saturable reactor 10 is connected. 
Figure 9 shows an operation in which, due to a delay time of the 
control circuit 112a, the MOSFET is turned OFF with the gate voltage 
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becoming the. Low level from. a time T 2 after a zero-crossing of 
the current flowing in the MOSFET, and a feeclthrough current thus 
flows in the MOSFET as shown by a hatched line portion. 
[0048] Fig. 10 shows an operation when the saturable reactor 

10' is connected as in the third mode in Fig. 8. 
The saturable reactor 10 saturates with a current flowing in the 
MOSFET 110 (111) in the positive direct ion (I F >0) to have an inductance 
value becoming approximately zero. When the current decreases' 
to make a zero-crossing, the saturation is made reset to increase 
an inductance value. At this time,. the current flowing, in the 
MOSFET exhibits a sudden reduction in a change in current due to 
the increase in the inductance value of the saturable reactor 10. 
Therefore, by connecting the saturable reactor 10 between the drain 
of the MOSFET 110 (111) and the cathode of the diode 1, even though 
the turning OFF of the gate voltage of the MOSFET 110 (111) is 
a little delayed, the feedthrough current can be suppressed to 
be. small . • 

[0049] Thus the invention reduces a reverse recovery loss 

when a current flowing in the body diode of the MOSFET for synchronous 
rectif ication isbrought into reverse recovery . Along with this, 
should a zero-crossing of the negative current flowing in the drain 
of the MOSFET for synchronous rectification occur before the gate 
of the MOSFET is brought to an OFF level due to a delay of the 
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control circuit of the MQSFET for synchronous rectification, and 
a large current is made to flow in the positive direction in the 
drain before the MOSFET is turned off, a rate of increase in the 
current is limited low after the zero-crossing of the current to 
make it possible to reduce a turn-off loss. 

[0050] -In Fig. 11, there is shown a fourth mode for carrying 

out the invention. Components' having the same functions as those 
in the first mode in Fig'. 2 are denoted with the same reference 
numerals and signs with explanations thereof are "omitted... 
In a control circuit 112d shown in Fig. 11/ reference numeral 11 
denotes a second reference current source (a second reference voltage 
V re f2) / 12 denotes a second comparing unit to which the second reference 
voltage V re f 2 and the voltage Vi across the resistor 3 are inputted, 
13 denotes a delay circuit to which an output of the second voltage 
comparing unit 12 is applied, 14 denotes an OR circuit to which 
an output V comp i of the first voltage comparing unit 5. and an output 
of the delay circuit 13 are applied, 15 denotes an RS flip-flip- 
circuit to which an output of the . OR circuit 14 and an output of 
the second voltage comparing unit 12 are applied as a set signal 
and a reset signal, respectively, and 16 denotes an AND circuit 
to which an output of the RS flip-flip circuit and an output of 
the first voltage comparing unit .5 are applied. The output of 
the AND circuit 16 is inputted to the gate driving unit 6. 



[0051] Fig. 12,. showsa timing chart where the forward 

current I F gradually decreases as the gate voltage V GS of the MOSFET 
is applied under such a condition as a light loadand the voltage 
Vi across the resistor 3 is around the first reference voltage 

Vrefl- 

[0052] When the voltage Vi across the resistor 3 becomes greater 

than the first reference voltage V re fi ; the output of the first voltage 
comparing unit 5 becomes the Low level, which makes the gate voltage 
of the MOSFET become the Low level , causing the drain-source voltage 
V ps of the. MOSFET to become a forward voltage of a body diode that 
is increased. At this time, the lowering of voltage V 1 across the 
resistor 3 below the first reference voltage V ref i causes the gate 
voltage of the. MOSFET to become the High level again. This causes 
the drain-source voltage V DS of- the MOSFET to become a voltage drop 
V on , determined by a product of an on-resistance R on and the forward 
current I F , and to be made small. .' 

Repetition of the operations causes the gate of the MOSFET to be 
turned ON and OFF at a high frequency as shown in Fig. 12, which 
increases a driving loss to lower device efficiency. 
[0053] In the fourth mode shown in Fig. 11, an arrangement 

is . provided . so that, when the voltage Vi across the resistor 3 
once becomes above the first reference voltage V re fr, no gate voltage 
is generated until V x rises up to the second reference voltage 
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Vref2- T his arrangement prevents the gate of the MOSFET from being 
turned ON and OFF at a high frequency as described above. In Fig. 
13, a timing chart is shown which illustrates an operation with 
this arrangement. 

[0054]. ' The timing of the RS flip-flip circuit 15 in Fig. 11 
is set at a falling edge of the output V GOmp i of the first voltage 
comparing unit 5 and is reset at a falling edge of the output V comp2 
of the second voltage comparing unit 12.. - : 

[0055] ' To prevent the RS flip-flip circuit 15 from being set 

in a period in which the voltage V 1 across the resistor 3 is below 
the first reference voltage V re n, the output V comp2 of the' second 
voltage comparing unit 12, delayed by. the delay circuit 13, and 
the output V compl of the first voltage comparing unit 5, are inputted 
to the OR circuit 14, as shown in Fig. 13. Then, the output of 
the OR circuit 14 is taken as a set signal of the RS flip-flip 
circuit 15 . • 

[0056] . An output signal of the ' RS flip-flip circuit 15 and 

the output V comp i of the first voltage comparing unit 5 are inputted 
to the AND circuit 16 to make an output signal which is used as 
a gate driving signal. In the case where the voltage Vi across 
the resistor 3 becomes higher than the first reference voltage 
Vrefw the gate signal is held in a state without being generated 
until the above-described voltage Vi becomes higher than the second 
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reference voltage Vref?- Therefore, it is possible to prevent the 
gate signal from being turned ON and OFF at a high frequency, and 
thereby increase gate driving power . Thus when a.dif f erence between 
the voltage across the above-described resistor and' the first 
reference voltage becomes equal to or less than a certain value, 
no gate voltage for the MOSFET is generated. 

[0057] In the circuit in Fig.. 11, the first reference voltage • 

V re f i is taken as being a constant voltage. The first reference 
voltage V re fi, however, can be temperature dependent by making use 
of the forward voltage drop in the diode 8 as in Fig. 4 and Fig. 
7. ; . . . • . . : 

[0058] In Fig. 14, : there is shown a fifth mode for carrying 

out the invention . Figure 14 is a view in which the control circuit 
112 (112a. to 112d) of the invention is made up into an IC chip 
to be mounted on a chip of the MOSFET 110 ( 111 ) . ■ Reference numeral 
18 denotes. a printed wiring pattern and 19 denotes a wire. 
[0059] The gate of the MOSFET is connected to an output terminal 

of the gate driving unit 6 in the control circuit 112 (112a to 
112d) , and terminals are provided for connecting the source of 
the MOSFET to the ground of the control circuit 112 (112a to 112d) , 
for connecting the cathode of the diode 1 to the drain of the MOSFET, 
and for taking out a power supply input. for the control circuit 
112 (112a to 112d) . This can provide a three-terminal composite 
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device using a standard package such as TO220 or T03P which has 
long been used, thereby enabling the device to be made compact 
by reduction in number of components. ; !. 
[0060] Fig. 15 depicts a sixth mode for carrying out the 

invention. The mode is one in. which a magnetic material 17 having 
a saturable characteristic is arranged around a chip of the MOSFET 
110 (111).- An operation, of the mode is the same as that of the 
third mode shown in Fig. 8 and the explanation thereof will be 
omitted. . By incorporating the magnetic material 17 having a 
saturable characteristic in a semiconductor package in this way, 
it becomes possible to reduce the number of • components . 
[0061] As described above,, according to the invention, in 

almost all of a period in which an negative current flows in a 
MOSFET for synchronous rectification, a voltage can be applied 
to a gate. Thus, a rectification loss can be suppressed to be 
small to increase device efficiency. Lower losses lead to a lower 
cooling capacity requirement, allowing the size of the cooling 
device to be decreased, and enabling the entire device to be made 
compact and lightweight. 
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